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© Process for preparing beta-lactam derivative and synthetic intermediate thereof. 

© Disclosed is a process for preparing a (3-lactam compound represented by the formula : 
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(I) 



C0 2 R 



protect '° Wer 9roup 0r an amino 9 rou P each ° f ^ich may be 

protected ^ represents a hydrogen atom or an ester residue; X represents a methylene otoud which 
may be substrtuted by a lower alkyl group, a sulfur atom or a group represented I b/the f^u^ -A CH 
ZZL A n* Pr6S T 3 f Ulfur atom ' an 0X W» " * me&ylene grmfp and Y is eithe " a W Sh 
^ ^ reSidUe 0f 3 hydroxyl 9roup ' or a * ' s an omanic group 

rpoSIeSntXrS?' 6 8161,8 ° f ^ 8 — ending 8 1-azl^^b^oalkane 
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C0 2 R 2 

or a salt thereof with a base in the presence of a desulfurizing aqent and then reactino the r~:..iHnn 
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BACKGROUND OF THE INVENTION 

This invention relates to a novel process for preparing a B-lactam derivative useful as a synthetic inter- 
mediate of a B-lactam type antibacterial agent having an antibacterial activity, and relates to a synthetic inter- 
mediate of said B-lactam derivative. 

As a p-lactam type antibacterial agent, there have been known various compounds including a penem or 
carbapenem series compound such as thienamycin and imipenem. and a cephem, carbacephem oroxace- 
phem series compound such as cephalexin. 

As to processes for synthesizing these compounds, there have been known, for example, a process which 
proceeds through an intermediate having diphenylphosphoryloxy group at 2-position of a carbapenem skeleton 
descnbed ,n Japanese Provisional Patent Publication No. 123182/1982 as a process for synthesizing a car- 
bapenem (or penem) series compound, a process which proceeds through an intermediate having methane- 
Tll TlVf tCUP at 3 - position of a ce P hem skeleton described in Japanese Provisional Patent Publication No 
21685/1992 as a process for synthesizing a cephem series compound, and others. However, the conventional 
processes have problems to be cancelled such as many operation steps and complicated reaction operations 
Thus, it has been demanded to develop a process which can prepare a desired antibacterial agent more eff f. 
ciently. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a novel process for preparing a p-lactam derivative useful 
as a synthetic intermediate of a p-lactam type antibacterial agent and a novel process for preparing a 6-lactam 
type antibacterial agent using said derivative. 

That is, the present invention relates to a novel process for preparing a p-lactam derivative represented 
by the following formula (I): 



O i , 

C0 2 R z 

wherein Ri represents a hydroxy-subsfjtuted lower alkyl group which may be protected or an amino 
group which may be protected; R* represents hydrogen atom or an ester residue; X represents methylene 
grou* a methylene group substituted by a lower alkyl group, sulfur atom ora group represented by the formula- 
-A-CH r where A represents sulfur atom, oxygen atom or methylene group; and W represents an active ester 
residue of hydroxyl group. 

which comprises treating a 1-aza-3-thia-bicycloalkane compound represented by the formula (II): 



(id 

C0 2 R 2 



wherein the symbols have the same meanings as defined above, 
or a salt thereof with a base in the presence of a desulfurizing agent and then reacting the resulting compound 
with an active esterifying agent of hydroxyl group. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In the following, the present invention is explained in detail. 

In the above compound (I), as a specific example of the group R' f there may be mentioned a hydroxy- 
subsbtuted alkyl group having 1 to 6 carbon atoms which may be protected or an amino group which may be 



2 
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protected. 

The group X is methylene group, a methylene group substituted by a lower alkyl group such as methyl 
group and ethyl group, sulfur atom or a group represented by the formula: -A-CH2- where A represents sulfur 
atom, oxygen atom or methylene group. When the group Ri is a hydroxy-substituted lower alkyl group which 
may be protected, X is particularly preferably a methylene group which may be substituted by a lower alkyl 
group or sulfur atom. When the group R 1 is an amino group which may be protected, the group X is particularly 
preferably a group represented by the formula: -S-CH 2 -, -0-CH 2 - or -CH 2 CH 2 -. 

In the above compound (I), the active ester residue of hydroxyl group represented by W may include, for 
example, a dMower alkyl phosphoryl group ordiarylphosphoryl group represented by the formula: -P(0)(OR°) 2 
(wherein R° represents a lower alkyl group or an aryl group); a substituted or unsubstituted lower alkylsulfonyl 
group such as methanesulfonyl group and trifluoromethanesulfonyl group; and a substituted or unsubstituted 
phenylsulfonyi group such as benzenesulfonyi group and p-methoxybenzenesulfonyl group. 

When the group Ri of the above compound (I) is a protected hydroxy-substituted lower alkyl group or a 
protected amino group, as a protective group for hydroxy group and amino group, there may be used any group 
which can be removed easily by a conventional method such as hydrolysis, acidic treatment and reduction. As 
such a protective group for hydroxy group, there may be mentioned, for example, a lower alkoxy carbon yl group, 
a halogeno lower alkoxycarbonyl group, a substituted or unsubstituted phenyl lower alkyl group (e.g. a benzyi 
group which may be substituted by nitro group or a lower alkoxy group), a tri-lower alkyisilyt group, and a sub- 
stituted or unsubstituted phenyl lower alkoxycarbonyl group (e.g. a benzyloxycarbonyl group which may be sub- 
stituted by nitro group or a lower alkoxy group). 

On the other hand, as a protective group for amino group, there may be mentioned a lower alkanoyl group, 
a lower alkoxycarbonyl group, benzoyl group, benzenesulfonyi group, a phenyl lower alkoxycarbonyl group, a 
tri-lower alkylsilyl group and trityl group. 

As an example of the ester residue represented by R2, there may be mentioned an ester residue which is 
metabolized and hydrolyzed in a living body or an ester residue which can be a protective group for carboxyl 
group. 

The ester residue metabolized and hydrolyzed in a living body may include, for example, a group repre- 
sented by the formula: -Q-OCOR, -Q-OC0 2 R or -Q-O-R (wherein Q represents a lower alkylene group, and 
R represents a lower alkyl group, a cycloalkyl group, a lower alkenoyl group, a lower alkoxy lower alkyl group 
or a lower alkanoyloxy lower alkyl group). 

On the other hand, the ester residue which can be a protective group for carboxyl group may include, for 
example, a lower alkyl group, a lower alkenyl group, a halogeno lower alkyl group, a nitrobenzyl group arid a 
lower alkoxybenzhydryi group. 

In the above reaction, the compound (II) may be used in the form of a salt, and as a specific example of 
such a salt, there may be mentioned an alkali metal salt such as a sodium salt or a quaternary ammonium 
salt. 

According to the present invention, the 1-aza-3-thia-bicycloalkane compound (II) can be treated with a 
base in the presence of a desulfurizing agent in a suitable solvent. The base may include, for example, an alkali 
metal alkoxide such as potassium tert-butoxide, an alkali metal amide such as lithium diisopropylamide, tri- 
lower alkylamine such as triethyl amine, and an aromatic amine such as pyridine. As the desulfurizing agent, 
there may be mentioned, for example, a triarylphosphine such as triphenylphosphine, a tri(lower alkyl)phos- 
phite such as triethyl phosphite, a trilower alkylphosphine such as triethylphosphine, tris(dilower alkylami- 
no)phosphite and bis(di-lower alkylaminolower alkyl)phosphite. As the solvent, there may be mentioned, for 
example, toluene, benzene, tetrahydrofuran, diethyl ether, acetonitrile, methylene chloride, chloroform, dime- 
thylformamide and dimethylsulfoxide. The present reaction is preferably carried under cooling to at room tem- 
perature, particularly preferably -40 °C to 0 °C. 

If necessary, in order to make the present reaction as mentioned above proceed more efficiently, a lithium 
salt such as lithium bromide and lithium perchlorate may be added to the reaction mixture. 

The compound obtained by the treatment with a base in the presence of a desulfurizing agent as mentioned 
above is considered to have the following structure. 
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wherein the symbols have the same meanings as defined above 

ah JJl! 8b ? V ! r !! U ' tin9 ^P 0 "^ and an active esterif ying agent of hydroxyl group may be reacted in a suit- 
able solvent. As the active esterifying agent of hydroxyl group, there may be mentioned, for example, a reactive 
denvatave (e.g a corresponding acid halide and a corresponding acid anhydride) of a phosphoric acid or sulfonic 
aad compound including a diaryl phosphate such as diphenyl phosphate; a dHower alkyl phosphate such as diethyl 
phosphate; a substituted or unsubstituted lower alkanesulfbnic acid such as methanesulfonic acid and trif luorome- 
thanesulfon.c acid; and a substituted or unsubstituted benzenesuHbnic acid such as benzenesulfonic acid and p- 
nrcthoxytenzenesu^ 

to the exemplary solvents to be used for the base treatment of the compound (II). The present reaction is preferably 
earned out under cooling to at room temperature, particularly preferably -40 °C to 0 °C. 

The p-lactam compound (I) thus obtained can be suitably converted into a desired carbapenem (or penem) 
type antibacterial agent or cephem type antibacterial agent. 

For example, the p-lactam compound (I) can be converted into a p-lactam derivative represented by the 
formula (IV): * 



S-R 4 (IV) 
C0 2 R J 



wherein R* represents an organic group; and R\ R* and 
X have the same meanings as defined above, 
by subjecting the compound (I) and a mercaptan compound represented by the formula (III)- 

R 4 -SH (III) 

wherein R" has the same meaning as defined above, or a salt thereof to condensation reaction 
In the mercaptan compound (III) to be used in the above reaction, as an example of the organic group 
represented by R<, there may be used any group used in a conventionally known carbapenem (or penem) type 
antibacterial agent or cephem type antibacterial agent As a specific example of such an organic group there 
may be mentioned, for example, a lower alkyl group such as methyl and ethyl; a cycloalkyl group such as cy- 
dohexyl group; a 6- to 8-membered aryl group such as phenyl group; a 4- to 8-membered aliphatic heterocyclic 
group such as pyrrolidinyl group; and a 4- to 8-membered aromatic heterocyclic group such as pyridyl group 
and thiazolyl group. Further, these groups may have one or more substituent(s). and as such a substituent 
there may be mentioned, for example, a lower alkyl group; hydroxyl group; a lower alkoxy group; a mono- or 
d,4oweralkylamino group; mercapto group; a loweralkylthiogroup; amidinogroup, guanidino group; carbamoyl 
group; thiocarbamoyl group; sulfamoyl group; cyano group; carboxyl group; a lower alkoxycarbonyl group- an 
aralkyloxycarbonyl group; oxo group; a halogeno group; a cycloalkyl group having 3 to 8 carbon atoms such 
as cydohexyl group; a 6- to 8-membered aryl group such as phenyl group; a 4- to 8-membered aliphatic het- 
erocyclic group such as pyrrolidinyl group; and a 4- to 8-membered aromatic heterocyclic group such as pyridyl 
group and thiazolyl group. r ' ' 

Further as the mercaptan compound (III), there may be suitably used, in addition to the compound as 
desenbed above, a compound represented by the formula (lll-a) described in Japanese Provisional Patent Pub- 
lication No. 27g588/igg2 filed by the present applicant 




(IH-a) 



wherein R* represents hydrogen atom, a lower alkyl group, a lower alkoxy-lower alkyl group or a dUower 
alkylamino lower alkyl group. 

The above mercaptan compound (III) may be also used in the form of a salt, and as a specific example 
of such a salt, there may be mentioned an alkali metal salt and a tri-lower alkyl ammonium salt 

The condensation reaction of the compound (I) and the compound (III) may be carried out in a suitable 
solvent (e.g. toluene, benzene, acetonitrile. tetrahydrofuran, diethyl ether and ethyl acetate) in the presence 
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or absence of a base (e.g. a tri-lower alkylamine and a 4-di-lower alkylaminopyridine) 

In the compound (IV) thus obtained, when the group Ri is a protected hydroxy-substituted lower alkyl group 
or a protected ammo group, and/or when the group R* is an ester residue, the protective group and/or ester 
residue may be removed, if desired, to obtain a compound represented by the formula (IV-a)- 



S-R (IV-a) 



wherein R" represents a hydroxy-substituted lower alkyl group or amino group; and other symbols have 
the same meanings as defined above, 

or a salt thereof. The protective group or ester residue may be removed according to a conventional method 
Further the above compound (IV) in which R* is hydrogen atom or a salt thereof may be esterif ied by a 
conventional method to form a compound represented by the formula (IV-b): 




\ X 



C0 2 R 21 



(IV-b) 



wherein R* represents an ester residue; and other symbols have the same meanings as defined above 
Among the compounds (IV) described above, a compound in which the group Ri is a hydroxy-substituted 
lower alkyl group which may be protected, and X is a methylene group which may be substituted by methyl 
group, or sulfur atom is a compound useful as a carbapenem (or penem) type antibacterial agent 

On the other hand, a compound in which the group Ri is an amino group which may be protected, and X 
is a group represented by the formula: -A-CH r where A represents sulfur atom, oxygen atom or methylene 
group is a compound useful as a synthetic intermediate of a cephem. oxacephem or carbacephem type antt- 
bactenal agent, and said compound can be converted into a desired cephem type antibacterial agent according 
to, for example, the method described in Japanese Provisional Patent Publication No. 21685/1992 

Among the compounds (IV) described above, a 1-methylcarbapenem derivative represented by the for- 
mula (IV-c): ' 




(IV-c) 



wherein R« represents hydrogen atom or a protective group for hydroxyl group; and other symbols have 
the same meanings as defined above, 

which can be obtained by subjecting the compound (I) in which Ri is a 1-hydroxyethyl group which may be 
protected and X is ethylene group and the above mercaptan compound (lll-a) to condensation reaction is a 
compound exhibrbng various excellent characteristics such as excellent antibacterial activities to various mi- 
croorganisms including gram-negative bacteria and gram-positive bacteria and high stability to dehydropepti- 

Q3S6 I. 

In the above process of the present invention, in the starting compound (II), an optical isomer based on 
an asymmetric carbon atom thereof may exist And, when an optically active compound (II) is used as a starting 
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10 



by a conventional Z^^T^^T^^^T ^ the "J™*™* (,) be feolated •«* 
same reactor without isolation the C ° mP ° Und (,,) int0 the ""Wnd (IV) in the 

p^tsssr (,,) in the present invention is a novei comp ° und> and 8aw ""■»»- m « * 

(A) reacting an azetidinone compound represented by the formula (V): 



f5 




20 



25 



30 



asdefi^ 

with a glyoxylate represented by the formula (VI): 

HOCC0 2 R2 (VI) 

(B) reacting the compound (V) with a halogenoglyoxylate represented by the formula (VII) 
. Y*OCC0 2 R* (VII) 

WtaSSlS? w "*" e> ' "* m ,e< " ,oi, ' ! ' "" ° > ""»™ a » —> • <U~Z m Z& 




40 



45 



50 



herein the symbols have the same meanings as defined above 



•cosz 

„ 3 (IX) 



C0 2 R 2 



wherein represents a halogen atom; and other 
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^^ZZ'Z^rZ^^ °?2 3 ProteCUV6 9r0UP Z ' there ™» be menBo ^. *» example. 
l ^Wg^r * groUP> 2 • 2 ■ d,Cyan0e,hy, a Slower alkoxycarbony.e,hy. g rou p and 

am nf U K her ' *!? 3bOVe Staftin9 com P° und (V) be prepared according to a conventional method for ex 
ample, by reacting an azetidinoncarboxylic acid compound represented by the formula ^ 




wherein the symbols have the same meanings as defined above 
with a compound represented by the formula (XI): 

HS-Z (XI) 

pn,» ^ 1 2 th8 meani " 9 38 defined above - in a suitable solv ent (e.g. acetonitrile) in the pres- 
zetidine compound represented by the formula (XII): aceroxya 



K \ ^-OAc 



J— NH 



(XII) 



wifh a !3l! erein ^ represents acetvl 9 ro "P: and R 1 has the same meaning as defined above, 
with a compound represented by the formula (XIII): 

M-X'-COSZ (XIII) 

-O-CH^rCH^H^!?? h hyd ?w 98n at0m ' 8 ° diUm at ° m W lithiUm at0m: X ' "P"""* a -S-CH 2 , 
-o-CH r or -CH 2 CH2-; and Z has the same meaning as defined above 

nrJih, 6 prese "' Sp f ifi ^ tion and daims - t"e lower alkyl group, lower alkylene group and lower alkoxy group 
Preferably have 1 to 6 carbon atoms, the lower alkanoyl group and lower alkeny. group prefereb ly hav^ 2 to o 

restc"T' a ^ 

EXAMPLES 

MtZZiSS? ^ ^ ^ ^ 10 EXamp,eS ' bUt the Scope * «» '-entton h not 

Example 1 

!/ 1 ?p^ 5 °° ? ° f a t C u t J 0nitri,e W3S sus P ended 267 9 of (3S.4S)-3-[(R)-1-tert-butyldimethylsilyloxyethyl)-4- 

^^^^T'^' 6 9 * ^ diimid «°' a - added thereto^ the 2re 
^„»f 2L r00m t tem P e i rature for 30 •»***»■ To the reaction mixture was added 20.3 g of diethyl mer- 

removed 2S5 ■ * ^ i *™ d * W0,n temperature for 20 minutes - ™ a ^t was 

removed from the reaction mixture under reduced pressure. After 500 ml of diethyl ether was addedto 

^residue 8 "\ mb Jr ^ W8Shed and d "' ed - the SOlvent was re ™ ved 

obtSoofTS %?JZ ^FSSr Chromat0 ^y Advent; ethyl acetate.n-hexane^ 1:3 to 

IR (KBr) cnr 1 : 3080. 1765, 1735. 1690. 
Mass (m/z): 432 (M+-57). 

NMR (CDCI 3 ) 8: 0.07 (s. 6H), 1.15 (d. 3H. J=6.2Hz). 1.24 (d. 3H. J=6.8Hz) 1 28 (t 3H J=7 OHzl 2 fl to 
3.0 (m. 1H). 3.34 (d. 1H. J=2.4Hz). 3.38 (d. J=2.4Hz). 3.8 to3.9 (m. 1^4 2 to ! 5 <m, 5 ^, 5 j* : (S 
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s, 1H). 

i 2 „H?h 1 ° "f? benZe " e WefB dissolved 1 9 of the product obtained above and 0.76 g of ethyl glyoxylate 

li^^tT^^r^^ by NaCa ' ai teSque ,NC >- Afte ' the reactton was 
diuted with ethyl acetate, washed and dried, the solvent was removed. The residue was purified by silica 

gec^umn chromatography (solvent; ethyl acetate:n-hexane= 1:3)to obtain lOgofCas/sj^KRVlS 

IR (film) cnr 1 : 3450, 1770, 1748, 1690. 
Mass (m/z): 534 (M+-57). 

3.4 (m, 2H). 3.62 (t. 1 H, J=7.8Hz). 4.0 to 4.4 (m, 9H), 5.30+5.46 (d+d. 1 H J=8 4Hz) 
w llVJr 1 T ' etrah y droftjran solutio " containing 0.78 g of the product obtained above were added drop- 
,n orf 2 ° fpynd,ne and 017 ml of ,hi °"y' chloride at -50 °C. and the mixture was stirred at -50 to 

',1L I 0 ' „ m 7lT Gr the rea ° ti0n mbrtUre was diluted with eth y ace,ate a "o cashed, an organic 
layer was Reeled by separation. The organic layer was dried, and then the solvent was removed The 

"nvi^ 

mid? tS J?"? 'I!^^ 1 * 4 *^ 1 (0 - 8 9) was dissolved in dirnethylfbrma- 
^° SO, " t ; on was added 021 ml of triethylamine at -20 X. and the mixture was stirred at -20 to 

1 11 , m ' ?, f 6thyl aC6tate waS added to the reaction mixture - the m 'xtore was washed 

and an orgamc layer was collected by separation. After the organic layer was dried, the solvent was re- 

to obtn e n ,n 6 T S f^L* ™ 961 C °' Umn chromato 9'BPhy (solvent; ethyl acetate:n-hexane = 

Iza 3 tht bLcfo^ 
aza-3-thia-bicyclo[4.2.0]octan-2-carboxylate. 

IR (film) cmri; 1779, 1745, 1690. 
Mass (m/z): 486 (MM 5), 344 (M + -57) 

fdd "iff S!£ °fnL S 'f H A«, 1 ° (S ' 3H) " °- 87 (S ' 9H) ' 120 (d ' 3H " J=64Hz >' 123 < d « 3H ' J =6- 3 Hz). 2.92 
it !'j=3.u HzX S ^79 1 MH) ^ ' J=6 ' 8HZ) ' 41 l ° " ( * ^ ^ ^ 2K J=7 2H2)> 4 (dd ' 

tetE. 1 "3 ? t0 ' Uene ?; e dissolved 20 "a of the P rod «o* obtained above and 16 mg of triphenylphosphine. 
° ,n * " ™ W3S f dde T d 7 mQ ° f POtaSSiUm tert - buto * d * a » -40 X. and the mixture was stirred at -40 
h ? c m '? U l eS - reaCti0n miXture waS added a solution of 1 5 m 9 of diphenyl chlorophosphate 
dssolved ,n 0.5 ml of aceton,trile at the same temperature, and a temperature of the mixture was elevated 
gradually up to 0 »C. The reaction mixture was condensed, and the residue was purified by thin layer chro- 
matography solvent ethyl acetate:n-hexane = 1:4) to obtain 20 mg of ethyl (1R,5S.6S)-6-[(R)-1-tert-bu- 
t^,methy1s.ly1oxyethy^^ oj|y ^ 

Mass (m/z): 601 (M + ), 544 (M + -57). 
Example 2 



I 1 !/!? 6 ,?' ?! P ° ndi " 9 """P™" 0 was • reato <' in th a same manner as in Example 1 (2) to obtain (3SAS)- 
3-[(R)-1-tert-butyld.methylsflyloxyethy M ^ 

hydroxy-1-p-nitrobenzyloxycarbonylmethyl)-2-azetidinone 

NMR (CDCI 3 ) 8: 0.0 to 0.10 (m. 6H). 0.86 (s. 9H). 1 .1 to 1.3 (m. 12H). 2.9 to 3.1 (m. 2H). 3.3 to 3.5 (m. 2H). 
3.5 to 3.7 (m. 1 H). 4.0 to 4.5 (m. 7H), 5.3 to 5.6 (m. 3H). 7.5 to 7.6 (m. 2H). 8.2 to 8.3 (m. 2H) 
5R ™ 7?,m ?? 6< ! ab t va was 5 eated in the s a™ manner as in Example 1 (3) to obtain p-nitrobenzyl 
2-caSate il h rt -° ut y |dime th y<sHyloxyethylJ-5-methyl-4.8-dioxo-1-aza-3-thia-bicyclo[4.2.0]octan- 

IR (film) cm- 1 : 1786, 1742. 1682. 
Mass (m/z): 451 (M + -57). 

^JfJ'!; °° 5 '}*< 3H >- 007 < s - 3 H). 0.86 (s, 9H). 1.20 (d. 3H. J=6.2Hz). 1.22 (d. 3H. J=6.7Hz). 2.95 
(dd, 1H. J=4.6Hz. 3.0Hz). 3.49 (quintet. 3H. J=6.7Hz). 4.0 to 4.3 (m, 2H), 4.55 (dd. 1H, J=7 1Hz 3 0Hz) 
5 31 and 5.37 (ABq. 2H. J=13.1Hz). 5.90 (s. 1H). 7.53 (d, 2H. J=8.8Hz), 8.26 (d. 2H. J=8 8Hz) ' ' 
/« « To d ™! a i ned ab ° Ve ^ beated ,n the same ma nneras in Example 1 (4) to obtain p-nitrobenzvl 
(1R.5S. 6S)-6-[(R)-1-tert-butyldimethylsily1oxyeth^2-diphenylphosphoryloxy-1-methylcarbapen-2-em- 
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3-carboxylate. 

r™^w < V? ?f f 7 ( £ 6H)> 087 (S ' 9H) ' 12 10 13 {m - 6H >' 327 < dd ' 1H - J=56 Hz. 3.0H2). 3.3 
i=8 8H^: X (d, 2H J=8 8Hz) ^ "* (ABq ' J=13 ' 8HZ) ' ^ 10 7 6 1 ° H) ' 7 55 **' 

Example 3 

(1) In dichloromethane were dissolved 1.4 g of (3S.4S)-3K(R)-1-tert-butyldimethylsayloxyethyl]-4-[(1R)- 

? t ! ( 1 ^ Mrt ° ny,)eth ^ thiOCarb0ny,}ethylJ - 2 - azetidinone and 0 64 9 of Pivaloyloxymethyloxalyl 
chlor.de, to the solution were added 0.34 ml of 2,6-lutidine and 10 mg of N,N-dimethy1aminopyridine under 
ice cooling, and the mixture was stirred at the same temperature for 30 minutes. To the reaction mixture 
were further added 0.64 g of (3S,4S)-3-[(R)-1-tert-buty1dimethylsilyloxyethyl]-4-[(lR).i. { 2,2-bis(ethoxy- 
carbonyOethylthiocarbonyl^thylJ^-azetdinone and 0.34 ml of 2,6-lutidine. and the mixture was stirred for 
30 minutes. The reaction mixture was poured into 100 ml of a 0.1M phosphate buffer (pH 7) and extracted 
with dichloromethane. After the extract was washed and dried, the solvent was removed under reduced 
pressure. The residue was purified by silica gel column chromatography (solvent; ethyl acetatern-hexane 
= ]w^,l ^ 

nyl)ethylthiocarbonyl}ethylh1-pivaloyloxymethyloxyoxalyl-2-azetidinone 
IR (KBr) cm-': 1809, 1752, 1732, 1701. 
20 Mass (m/z): 618 (M + -57). 

NMR (CpCI 3 ) 8: 0.00 (s, 3H), 0.06 (s, 3H). 0.83 (s. 9H). 1.17 (d, 3H, J=6.4Hz). 1.23 (s, 9H). 1.28 (t. 6H. 
J=7 0Hz), 1.29 (d, 3H, J=7.0Hz), 3.2 to 3.6 (m. 5H). 4.2 to 4.4 (m. 1H), 4.25 (q. 4H. J=7.0Hz), 4.4 to 4.5 
(m 1H), 5.90 (s,2H). 

(2) In a mixed solution of 10 ml of acetic acid and 10 ml of dichloromethane was dissolved 1 7 g of the 
product obtained above, to the solution was added 5 g of zinc under ice cooling, and the mixture was stirred 
for 30 minutes. Insolubles were removed by filtration using celite, and the filtrate was removed under re- 
duced pressure. The residue was extracted with dichloromethane. After the extract was washed and dried 
the solvent was removed under reduced pressure. The residue was purified by silica column chromatog- 
raphy (solvent; ethyl acetate:n-hexane = 1:3) to obtain 1.52 g of (3S,4S)-3-[(R)-1-tert-butyldimethylsily- 
loxyethyl]-4-[(1RM-{2.2-bis(ethoxycaroonyl)^ 
ycarbonyl)methyl]-2-azetidinone. 
Ir(KBr) cnr 1 : 3460, 1754, 1692. 
Mass (m/z) : 620 (M+-57). 

NMR (CDCI 3 ) 6: 0.08 (s, 6H). 0.88 (s. 9H), 1.22 (s, 9H). 1.1 to 1.4 (m, 18H). 2.9 to 3.1 (m. 2H). 3.38 (dd, 
J=8 8Hz] *57 tot JimlzH)' ^ J=7 ' 1hZ) ' ^ t04 ' 3(m ' ^ ™' J=8 *" z) ' 530+ 5-52 (d+d. 1H. 

(3) The product obtained above was treated in the same manner as in Example 1 (3) to obtain pivaloylox- 

ymethyl (5R,6S,7RH(R)-1-tert-buty1dimethylsilyloxyethyl]-5-methyl-4,8-dioxo-1-aza-3-thia-bicyclor4 2 01 
octan-2-carboxylate. ' 

to IR (KBr) cnr 1 ; 1 765, 1 691 . 

Mass (m/z) : 472 (MM 5), 430 (M + -57). 

NMR (CDCI,) 8: 0.06 (s, 3H). 0.88 (s, 3H), 0.87 (s, 9H), 1.21 (s. 9H), 1.1 to 1.3 (m, 6H), 2.9 to 3.0 (m, 1H), 
3.4 to 3.6 (m, 1H), 4.1 to 4.3 (m, 1H), 4.5 to 4.6 (m, 1H), 5.81 (d, 1H, J=5.2Hz). 5.83 (s, 1H), 5.91 (d, 1H. 
J—5.2HZ). 

* (4) The product obtained above was treated In the same manner as in Example 1 (4) to obtain pivaloylox- 

ymethyl <1R.5S,6S)-6-[(R)-1-tert-b^ 
en-2-em- 3-carboxylate. 
Mass (m/z): 687 (M+), 630 (NT-57). 

NMR (CDCI 3 ) 6: 0.06 (s, 6H), 0.86 (s, 9H), 1.1 to 1.3 (m, 15H), 3.2 to 3.3 (m, 1H), 3.3 to 3.6 (m 1H) 4 1 
to 4.3 (m, 2H), 5.79 (d, 2H J=1.4Hz), 7.2 to 7.4 (m, 10H). 



Example 4 



(1) The corresponding compound was treated in the same manner as in Example 3 (1) to obtain (3S 4S)- 

3-[(R)-1-tert-butyldimeth^ 

butyryloxymethyloxyoxalyl-2-azetidinone. 

IR (film) cnr 1 : 1810, 1753, 1737, 1705. 

Mass (m/z) : 604 (M + -57). 
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IR (KBr) cm-i; 3437, 1 754, 1 685. 
Mass (m/z) : 606 (M+-57) 

IR (KBr) crrr 1 : 1766, 1691 1471. 
Mass (m/z):416(M + -57). 

IR(film) cm-i : 1780, 1762, 1490. 
Mass (m/z) : 658 (MM 5), 616 (M + -57). 

Example 5 



ilmTiT???^ 9 compound was the same manner as in Example 1 (2) to obtain <3S 4S. 



IR (film) crrH: 1779, 1745, 1690 
Mass (m/z) : 356 (NT-57). 



50 



55 



NMR (CDCW 5: 0.63 (s. 3H), 078 (s. 3H), 0.87 (s, 9H). 1.21 (d, 3H. J=6.2Hz) 1 23 (d 3H J-6 7H 2 , 2 <n 
Example 6 

11™ " "> s "W" 4 5 9 of <4RM.hydroxy.2-pym»ldon. 23 4 o otlrtohrnvt 
a*od,ca*oxxi a to wis added dropwis. to Ih. reaction .feu. at-10 -c. and (he MaZnsZZdvZ 

■ToTot^r^^ 

S U ff 2 M fc "* *" '">■ «* 388 <« 423 
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die crystal, 
m.p.: 91 to 92 °C. 
fa]? -57.5° (c = 1, methanol). 



m.p.: 143 °C. 
Mass (m/z): 536 (M + -34) 



20 Example 7 



(1) In 10 ml of toluene were dissolved 500 mg of isobutyryloxvmethvl (5R fi<; 7*\ 7 r/pn ♦ 
IR (KBr) crrr': 3347, 1771, 1590, 1537 



m.p.: 158 to 159 °C. 
Reference example 1 



55 



b.p.:90to93<>C(1.3mmHg). 
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and the residue was evaporated under reduced pressure to obtain 18.3 g of diethyl mercaptomethy.ma- 
b.p.: 78 to 82 °C (1 mmHg). 

Reference example 2 

"obu!^ ns hav,ng a boi,ing poim ° f 120 ,o 130 ° c — * «*■* ;;: re 3 

(2) In 4 f of acetone were dissolved 3.53 kg of monobenzyl oxalate-tetra n-butyl ammonium saJt and 1 u 
wa! rT^ZT * f h ° bUtyra,e PfePared in lhe abWe < 1 >" and the soluti - was s^eTornigm Ace to e 

z™:£ f ™sl*: mi r e under reduced pressure - and the -■*» — 

acetate. After the solution was washed and dried, the solvent was removed to obtain 2 22 kq of benzvH- 
sobutyloxymethyi oxalate (a pale yellowish oily product) 9 * 

IR (film) cm-M 754. 
Mass (m/z): 290 (M + ). 

(3) In 200 ml of ethyl acetate was dissolved 28 g of the product obtained above 5 o of 10 n na ii a rfi.,m 

The catalyst was removed by filtration from the reaction mixture, and the filtrate was condensed to o°Tn 
8 g of monoisobutyryloxymethyl oxalate (a colorless oily product) condensed to obtain 

IR (film) cm-': 1756. 
mass (m/z): 190 (M+). 

added 2 !? T^XSZZ^r d r°' Ved 26 9 ° f Pr0dUCt ° btained abOVe ' to the «**" — 
aooea m g of oxalyl chlonde. and the mixture was stirred at room temperature for 3 hours The reaction 

b.p.: 78 to 80 °C (1 mmHg). 
IR (film) cm- 1 : 1768. 
mass (m/z): 208 (m + ). 

ane^i^nH 0 ,,? 6 pr0Ces * of the P^ent invention, by using the novel compound l-aza-3-thia-bicydoalk- 
LrhZT T 00 83 a , Starti " 9 ° 0mp0Und ' ,he P- Iactam derivative <') "seful as a synthetic nteSfate of 
carbapenem (or penem) type and cephem type antibacterial agents and the compound MmEETm 
Abacterial agent can be prepared by simple and easy operations with good efficiency 
of thplTT I!!" Pr0CeSS ° f the Pre8ent invention has a characteristic that base treatment in the presence 

thro^h^ ![: Pr0CeSS ° f the pr6Sent invention a,so has a characteristic that the process proceeds not 

assuC^wS 

Furthermore, the carbapenem compound (IV-c) derived from the 8-lactam derivative (I) of the oresent in 

^ZT^Ztsrr V Ps °» dom >° as - and als ° ^ S a hfch antibaSZi aX* to Xe„* 
anTxc^nt T St ' a,ns „ Thus - the "W" flV-c) or a pharmacologically acceptable salt thereof exhibits 
an excellent therapeutic effect on infectious diseases. »«"w«wwwroH 
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The compound (IV-c) has stronger antibacterial activities to Staphylococcus aumu* <te>nh^~~ 
dermidis, Escherichia coft Proteus vuigaris and Pseudomonasae^ 

» hil^SL " * I*"™"**""* occepttbl, sat «»„„, has Mgh M „ sltkl ~„ Jt» 

»M«.andlhere(orsisparliciilarly«.dl«Woforbilatyliife«ions ransnmn propaty 

«C £ 1 , I'Sr' < ' V ' C) ™ ' pns ™ ac °'°<> ta " l »' ^ l°» to« y ,„<, nas „, 9n 



Claims 

1. A 1 -aza-3-thia- bicycloalkane compound represented by the formula: 

,s 



VfY 



(ii) 



C0 2 R 2 



may b .^f 0 ^ 8 " 118 ^ ,0wer *»" 9 ro "P ■"■** ma V ° a protected or an amino group 
TZHlZ ' represents a h y dr °9 en at <™ or an ester residue; X represents a methylene 
?o7muia A Cr f in EX I"" 88 ^ 3 lower alk * *™P. a ■** atom or a group represented b^ the 
or\ ttereof" fePreSe 8 S at ° m ' a " OXy96n at ° m ° r 3 me,h y ,ene 9 rou P- 

2> X is 6 a3;lTg°r p 9 1 ° ^ 1 ' Where ' n " iS 3 1 ' hydr0Xyeth ^ *™> M ba P~^d. and 
' P^c^ 



(I) 



C0 2 R 

rl 6 ' 6 '"™. 1 ; R2 .!?. d , X h3Ve the 8ame meani "9s as defined in any of claims 1 to 3, and in which Y represents 
ano^anteglT rePreSenUn9 " ~" ^ °' 9M * ° f " SR4 herein R^preLnt 

or a salt thereof. 
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5. The use according to claim 4 for the production of a 0-lactam compound represented by the formula: 



6. 



8. 



ow 



(I) 



C0 2 R" 



In wh 1 9r ° UP S3,d ^^-^Wa-bicycloalkane compound is a W group and wherein R\ R*. X 
^ZmT the , s f h me r ieanin9S as defined in daim 4 - said process comprises the steps of treat- 

mg sa.d 1-aza-3-th,a-b.cycloalkane compound of formula II in which Ri, R* and X have the above said 

TohT 98 J r !r eS6ntS 0W ' ° f 8 S3,t there0f ' With a **** in the P resenca of * desulfurizing agent 
and then reacting the resulting compound with an active esterifying agent of hydroxy! group. 

ISdTe^roup 9 10 ° laim 5 ' Wherei " R1 fe 3 1 - hydrDxye,h y 9 rou P which ma V be P^cted, and X is an 

The use according to claim 5 or 6. wherein the treatment with a base is carried out by a base selected 
from the group consisting of an alkali metal alkoxide. an alkali metal amide, a tri-lower alkylamine and an 
aromatic amine in the presence of a desulfurizing agent selected from the group consisting of a triaryl- 
^r P h 3 ( ?1 aik ^ hos <>™°- a ^wer alkylphosphine. a tris(di-lower alkylamino)-phosphite 
and a b.s(d,-lower alkylamino-lower alkyl)-phosphite under cooling to at room temperature. 

Ln«« e „ a ^i n K ? C ' ai ? 4 in COmbinaBon with an V of 5 to 7 for preparing a 0-lactam compound 
represented by the formula: 




C0 2 R 



(IV) 



wherein ^ represents an organic group; and R', R* and X have the same meanings as defined in claim 
1 , or a salt thereof, which further comprises subjecting the compound of formula: 



(I) 



C0 2 R' 



9. 



10. 



wherein R\ R*. X and W have the same meanings as defined in any of claims 5 to 7, to a condensation 
reaction with a mercaptan compound represented by the formula: 

R 4 -SH (III) 

wherein R« has the same meaning as defined above, or a salt thereof. 

The process according to claim 8. wherein the p-lactam compound represented by the formula (IV) when 
a pro i tected hydroxy-substituted lower alkyl group or a protected amino group and/or when R 2 is an 
ester residue, said protective group and/or ester residue is/are removed. 

The process according to claim 8, wherein Ri is a 1-hydroxyethyl group which may be protected X is an 
ethylidene group, and the compound (III) is a compound represented by the formula: 
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Si' ~ s dll-a) 

R S 



10 11. 



ZlEfT !"? daim 8 " Wherein lhe treatment wi,h a bas * «• carried out by a base selected 
from the group cons.st.ng of an alkali metal alkoxide. an alkali metal amide, a tri-lower LwarrTne an7an 
aromabc amine In the presence of a desulfurizing agent selected from the g^SSJJ. 

flower alkyl^hosphite. a trWower alkylphosphine. a Ws(di-.ower alkylaml)phosph£ 
and a b.s(d.-lower alkylamino-lower alkyl)-phosphite under cooling to at room temperature ,n °' Ph0SPh " e 
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